Introduction {#S0001}
============

*V. cholerae* is still one of the most important causes of small intestine infections. Consumption of food and water contaminated with *V. cholerae* could cause symptoms of diarrhea in person.[@CIT0001],[@CIT0002] Most patients with this infection suffer from water loss and severe inflammation.[@CIT0003],[@CIT0004] Antibiotics along with electrolytes are prescribed for the treatment of patients with cholera. Antibiotics such as tetracyclines and macrolides are the first-line antibiotics for the treatment of diarrhea.[@CIT0005] Recently, antibiotics overuse has led to increased drug resistance among many bacteria, and increased antibiotic resistance has become one of the most important concerns in the world. Multidrug-resistant (MDR) *V. cholerae* strains have spread widely in several developing countries.[@CIT0006] There is a dramatic increase in the number of studies focusing on multidrug resistance phenomenon in bacteria.

Novel antibiotics are significantly produced, but the perpetual fear of the development of antibiotic resistance in bacteria has prompted researchers to focus on the probable application of non-antibiotic compounds as antimicrobial agents. Among the different antimicrobial agents under investigation, mesenchymal stem cells (MSCs) are supposed to tidily fulfill the critical criteria of a prevailing therapeutic agent. Recently, MSCs have been used as a novel therapeutic strategy for the treatment of bacterial diseases with inflammation. Many studies have suggested the protective role of MSCs against bacterial growth.[@CIT0007] A protective effect is induced by the release of soluble proteins from these cells, such as LL37, beta-defensin, interleukin-10 (IL-10), prostaglandin E2 (PGE2), tumor necrosis factor-alpha (TNF-α), and IL-6.[@CIT0008] Proteins secreted by MSCs have regulatory effects on the immune system. The use of MSCs secretions for the treatment of multidrug-resistant *Mycobacterium tuberculosis* (MDR-TB) and *Acinetobacter baumannii* infections have been investigated and proved to be effective in vitro and in animal models.[@CIT0007],[@CIT0009] Moreover, the effect of antibiotics and MSCs have been evaluated individually and in combination, and their synergistic effect against multidrug-resistant *Staphylococcus aureus* strains has been demonstrated.[@CIT0010]

Chitin is a polysaccharide with a fibrous structure. Chitin could be converted into chitosan by the removal of its acetyl group. Chitosan has been investigated as an antimicrobial compound against a wide range of microorganisms. Chitosan could show either bactericidal or bacteriostatic activity. It exhibits a variety of biological properties in medical fields. Properties such as biocompatibility, bioactivity, and non-toxicity have made chitosan as a very attractive compound in medical science. The potential application of this material is for the delivery of drugs such as painkillers and antimicrobial agents.[@CIT0011] Furthermore, chitosan nanoparticles have been used as carriers in vaccine development, they have also been shown to improve immune responses.[@CIT0012] Because chitosan nanoparticle has a receptor at M and dendritic cells, this receptor effectively increases the entry of loaded material into the cell.[@CIT0013] Chitosan nanoparticles increase intestinal permeability and improve humoral and cellular immunity by increasing immune cells, resulting in direct bacterial killing.[@CIT0014]

Biofilm is an aggregate of bacterial cells embedded in a matrix of extracellular polymeric substances (EPS) secreted by bacterial cells. This growth mode could be served as a defense mechanism against various environmental challenges and antibiotics.[@CIT0015] An antimicrobial agent is considered as effective in defending against bacterial infection if it could efficiently inhibit bacterial cells accumulation and biofilm development.

The previous studies have showed that chitosan is active against bacterial growth.[@CIT0016] However, no research has investigated the antimicrobial effects of MSCs conditioned media coupled with chitosan nanoparticles (MSCs CM-CS NPs) on MDR bacteria including *V. cholerae*, so far. In this study, it was hypothesized that incorporation of MSCs CM with CS NPs increases the antimicrobial efficacy via controlled release of cargo at the host-bacteria interface, this synergic effect along with the antimicrobial effects of these two components efficiently inhibit bacterial growth and improve disease. Therefore, the aim of the present study was to evaluate the in vitro antimicrobial and antibiofilm effect of CS NPs incorporated with MSCs CM on MDR *V. cholerae* strains.

Materials and Methods {#S0002}
=====================

Bacterial Strains {#S0002-S2001}
-----------------

In the present study, multidrug-resistant *V. cholerae* strains were obtained from the archive of Tarbiat Modares University of Medical Science (Tehran, Iran). Antimicrobial susceptibility testing was performed for *V. cholerae* strains against five antibiotics. The strains showed resistance to tetracycline, ciprofloxacin, chloramphenicol, cotrimoxazole, and trimethoprim.

Preparations and Characterization of Human Bone Marrow-Derived Mesenchymal Stem Cells (BM-MSC) {#S0002-S2002}
----------------------------------------------------------------------------------------------

BM-MSCs were purchased from Iranian Biological Resource Center (IBRC10094). The identity of MSCs was confirmed by evaluating the differentiation of these cells into osteoblasts and adipocytes using immunohistochemistry (IHC) method in our previous study.[@CIT0017] MSCs were evaluated using flow cytometry technique for CD34, CD45, CD44, and CD73 markers.[@CIT0017]

Cell Culture {#S0002-S2003}
------------

BM-MSCs were cultured and re-suspended in complete medium containing DMEM (Dulbecco's Modified Eagle's Medium) supplemented with 10% FBS, 1% penicillin-streptomycin, and 1% L-glutamine at 37°C with 5% CO~2~. The medium was replaced once every 24--48 h for gradual purification of the cells. After reaching 80% confluency, the cells were treated with 0.5% trypsin (Gibco, USA) in order to be sub-cultured. MSCs were washed three times with phosphate-buffered saline (PBS) and transferred to a serum-free DMEM culture medium for 72 h. MSCs CM were concentrated by centrifugation at 4000rpm for 30 min at 4°C. Supernatants were obtained from bone marrow-derived MSCs (Passage 4). Concentrated MSCs CM were then sterilized on 0.22 μm filters. MSCs CM were divided and placed into microtubes before freezing, and stored at −80°C until use.[@CIT0017]

Preparation of Nanoparticles {#S0002-S2004}
----------------------------

For CS NPs preparation, 2 mL of sodium tripolyphosphate (TPP) was added to the PBS solution at a ratio of 1:3, then the prepared solution was added to 5mL of chitosan solution at a ratio of 2:5 while stirring at room temperature. For MSCs CM-CS NPs composite preparation, MSCs CM were mixed with TPP (1:3); then 2mL of MSCs CM-TPP was added to 5mL of chitosan solution (2:5) at room temperature. The nanoparticle suspensions were stirred for 30 min and centrifuged at 16,000 rpm for 30 min. The resulting nanoparticle products were lyophilized and stored at −4°C until use.[@CIT0018]

Characterization of Nanoparticles {#S0002-S2005}
---------------------------------

To characterize CS NPs, particles size was measured using dynamic light scattering (DLS) technique, particles charge was measured using a zeta potential measurement instrument, and particles shape was determined using a scanning electron microscope (SEM).[@CIT0019]

Evaluation of the Entrapment Efficiency (EE) {#S0002-S2006}
--------------------------------------------

Protein quantification was performed using the BCA assay kit at 572 nm. The amount of protein in MSCs CM-CS NPs composite was determined indirectly by measuring the difference between the initial amount of protein dissolved in MSCs CM and the amount of protein remained in the supernatant after centrifugation.[@CIT0020]
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Release Assay {#S0002-S2007}
-------------

The amount of protein released in the supernatant was measured using the BCA assay kit. Protein release was determined by dissolving protein-loaded nanoparticles in 1mL of 10mM phosphate-buffered saline (PBS) at pH~=~7.2 and 3.2 at 37 °C. MSCs CM-CS NPs solution was replaced with PBS at 1, 2, 3, 4, 24, 48, and 72 h time intervals.[@CIT0020]

Antibacterial Efficacy Assessment by Disk Diffusion Assay {#S0002-S2008}
---------------------------------------------------------

Antibacterial activity of MSCs CM-CS NPs was evaluated against *V. cholerae* strains using the disk diffusion method. The bacterium was cultured on Mueller-Hinton broth and incubated at 37 °C for 24 h. Bacterial suspensions were prepared based on the standard 0.5 McFarland (1.5x 10^8^ CFU/mL). Stock cultures were streaked on the Mueller--Hinton agar plates. Furthermore, filter paper discs (6mm in diameter) were impregnated with each antimicrobial agent, including MSCs CM (1000µg), CS NPs (0.05%), and MSCs CM-CS NPs (1000µg+0.05%). Caco-2 cells supernatant was used as negative control. The plates were incubated at 37°C for 24 h. Inhibition zones diameter was measured after 24 h. All inhibition assays were carried out in triplicate.[@CIT0021]

Antibacterial Efficacy Assessment by Microbroth Dilution Assay {#S0002-S2009}
--------------------------------------------------------------

Antimicrobial activities of CS NPs, MSCs CM, and MSCs CM-CS NPs were examined by microdilution susceptibility testing using colony count method against *V. cholerae* strains. The microbroth dilution method was done according to the CLSI guidelines. The bacteria were grown to log phase in Mueller-Hinton broth at 37°C for 24 h to reach an optical density (OD) of 1:0 (10^8^ CFU/mL). After 24 h, a concentration of 5x10^5^ CFU/mL of the bacteria was prepared. Microdilution technique was performed with 0.1 mL of MSCs CM (1000µg), CS NPs (0.05%), and MSCs CM-CS NPs (1000µg+0.05%), respectively. About 0.1 mL of each compound was transferred to a 96-well plate. Each well was inoculated with 5x 10^5^ CFU/mL (0.01 mL) of *V. cholerae* clinical strains and 0.1 mL of Mueller-Hinton broth and incubated at 37°C for 24 h. Each sample was serially diluted to obtain a dilution of 10^−5^. Then 10 μL of bacterial cells were cultured. After incubation, CFU of bacterial cells was calculated as follows: Number of colonies × 100 × inverse dilution factor (M07, CLSI, 2019).

Antibiofilm Assay {#S0002-S2010}
-----------------

In this study, the antibiofilm effect of MSCs CM, CS NPs, and MSCs CM-CS NPs was evaluated by crystal violet assay in 96-well plates. Bacterial cells were grown in 1 mL BHI broth medium (Merck, Germany) for 24 h to reach an optical density (OD) of 1:0 (10^8^CFU/mL). Bacterial suspensions were inoculated (1:100 dilution) into 1 mL BHI broth medium. Bacterial cultures were inoculated in the presence of MSCs CM, CS NPs, and MSCs CM-CS NPs for 24 h to allow biofilm formation. Briefly, 0.1 mL of MSCs CM (1000µg), CS NPs (0.05%), and MSCs CM-CS NPs (1000 µg+0.05%) were transferred to a 96-well plate containing 0.1 mL BHI broth supplemented with 0.5% (w/v) sucrose, respectively. Then 0.01 mL of *V. cholerae* suspension (10^9^ CFU/mL) was added into the 96-well plates and incubated for 24 h at 37°C. Adherent cells were washed with distilled water and stained with 1% crystal violet (w/v in distilled water). The dye solution was de-stained with 95% ethanol for 45 min, and OD of biofilm formation associated with crystal violet was defined at 570 nm.

Statistical Analysis {#S0002-S2011}
--------------------

Each assay in this study was carried out in triplicate. SPSS software Ver. 21.0 and GraphPad Prism Ver. 6 (by one-way ANOVA analysis) were used to perform statistical analyses. Results were expressed as the mean ± standard deviation (SD), and *p*-value \< 0.05 was considered as statistically significant.

Results {#S0003}
=======

Characterization of Human Bone Marrow-Derived Mesenchymal Stem Cells {#S0003-S2001}
--------------------------------------------------------------------

BM-MSCs were negative for CD34 and CD45 markers and positive for CD73 and CD44 markers. The characterization results of bone marrow-derived MSCs indicated the differentiation of these cells into osteoblast and adipocyte cells.[@CIT0017]

Characterization of Nanoparticles {#S0003-S2002}
---------------------------------

As shown in [Table 1](#T0001){ref-type="table"}, the mean particle size of 96.6% of CS NPs was 414.9 nm ([Figure 1A](#F0001){ref-type="fig"}). The mean zeta potential of the synthesized CS NPs was 6.95 mV, they showed a suitable stability with 6.67 mV zeta potential at 24.9°C and 1.2 mS/cm conductivity ([Figure 1B](#F0001){ref-type="fig"}).Table 1The Mean Particle Size and Zeta Potential of CS NPsFormulaChitosan Concentration %Particle Size (nm, Mean ± SD)Zeta Potential (mV, Mean ± SD)EE% (Mean ± SD)CS NPs0.05414.9 ± 221.46.95 ± 10.376.9% Figure 1Zetasizer showed that the mean size of CS NPs was mostly in the range of 414.9 nm (**A**). The zeta potential of CS NPs showed a good stability at 6.95 mV (**B**).

Scanning Electron Microscopy {#S0003-S2003}
----------------------------

SEM technique was used to evaluate the surface morphology of the nanoparticles. The scanning electron micrographs of the chitosan nanoparticles showed that they were approximately spherical shape ([Figure 2A](#F0002){ref-type="fig"}). Although the surface of CS NPs was rough, the surface of MSCs CM-CS NPs was smooth. SEM imaging of the nanoparticles showed that in MSCs CM-CS NPs, the size dispersion was high, and the cross-linking between the molecules was very clear ([Figure 2B](#F0002){ref-type="fig"}).Figure 2Physical properties of CS NPs and MSCs CM-CS NPs. SEM imaging of CS NPs (**A**). SEM imaging of MSCs CM-CS NPs (**B**).

Entrapment Efficiency (EE %) {#S0003-S2004}
----------------------------

As shown in [Table 1](#T0001){ref-type="table"}, EE of MSCs CM-CS NPs was 76.9%. According to the EE results, a relatively high amount of MSCs CM was loaded onto the nanoparticles.

In vitro Release Studies {#S0003-S2005}
------------------------

According to the release curves, MSCs CM was released from MSCs CM-CS NPs over a 72 h time period at pH= 7.2 and 3.2. In vitro protein release from MSCs CM-CS NPs was evaluated using phosphate buffer. At pH= 7.2, the release rate of MSCs CM from MSCs CM-CS NPs was 0%, 13%, 59%, and 73% after 1, 2, 48, and 72 h, respectively. Also, after 2, 48, and 72 h, the release rate of MSCs CM from MSCs CM-CS NPs was 0%, 29%, and 43% at PH=3.2, respectively. MSCs CM release rate was greater at PH= 7.2 than at PH=3.2. Protein release rate was 73% and 43% at PH=7.2 and 3.2, respectively. Therefore, protein release rate from MSCs CM-CS NPs was reduced following the pH reduction ([Figure 3](#F0003){ref-type="fig"}).Figure 3In vitro release of MSCs CM from MSCs CM-CS NPs at two different PH. Protein release rate in MSCs CM-CS NP increased at pH=7.2.

Antimicrobial Resistance/Susceptibility Testing of MDR *V. cholerae* Strains to Caco2 Supernatant, MSCs CM-CS NPs, CS NPs, and MSCs CM by Disk Diffusion Method {#S0003-S2006}
---------------------------------------------------------------------------------------------------------------------------------------------------------------

According to the disk diffusion method results, the highest inhibitory effect was related to MSCs CM-CS NPs, followed by CS NPs ([Table 2](#T0002){ref-type="table"}). The antimicrobial efficiency of MSCs CM-CS NPs was greater than that of other groups. The measured inhibition zone diameter for CS NPs ranged between 22±0.4 mm, for MSCs CM ranged between 15±0.1 mm, and for MSCs CM-CS NPs ranged between 28±0.6 mm ([Figure 4](#F0004){ref-type="fig"}).Table 2Mean Inhibition Zone (mm) of Four Tested Groups Against MDR *V. cholerae* StrainsSpeciesCS NPs (mm) ± SDMSCs CM (mm) ± SDMSCs CM-CS NPs (mm) ± SDCaco 2 Supernatant (mm) ± SDMDR *V. cholerae*22 ± 0.415 ± 0.128 ± 0.60 Figure 4Mean inhibition zone (mm) against MDR *V. cholerae* strains: Caco2 supernatant: 0 mm (**A**); CS NPs: 22 mm (**B**); MSCs CM-CS NPs: 28 mm (**C**); and MSCs CM: 15mm (**D**).

Antimicrobial Effect of Three Different Compounds Against MDR *V. cholerae* Strains by CFU Count {#S0003-S2007}
------------------------------------------------------------------------------------------------

MSCs CM-CS NPs significantly inhibited bacterial growth compared to other groups. The antibacterial effect of all group was measured individually at similar concentrations. The results showed that the antibacterial effects of MSCs CM at a concentration of 1000 µg (0.1mL) and CS NPs at a concentration of 0.05% were not significant, separately; however, when combined with the same concentrations, the antibacterial effect of the prepared compound significantly increased. These results suggested the synergism between CS NPs and MSCs CM. The antibacterial effects of CS NPs and MSCs CM separately were observed at higher concentrations. In fact, MSCs CM and CS NPs individually inhibited bacterial growth at concentrations greater than 1000$\documentclass[12pt]{minimal}
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\end{document}$ and 0.05% ([Figure 5](#F0005){ref-type="fig"}).Figure 5MSCs CM, CS NPs, and MSCs CM-CS NPs showed antimicrobial activity against MDR *V. cholerae* strains. Bacterial growth was assessed by CFU counts. Control group was *V. cholerae* strains alone. Bars are presented as mean of triplicate tests ± SD. \*\*\*P\<0.0008 for control vs CS NPs; \*\*\*P\<0.0002 for control vs MSC CM_CS NP; \*\*\*P\< 0.0005 for MSCs CM vs MSCs CM-CS NPs; \*\*P\<0.0034 for MSCs CM vs CS NPs; \*P\<0.0158 for MSCs CM-CS NPs vs CS NPs; and \*P\<0.048 for control vs MSCs CM. Values showed the mean of triplicate tests ± SD. Data were analyzed by ANOVA test; Bonferroni.

Antibiofilm Activity of MSCs CM and MSCs CM-CS NPs Against MDR *V. cholerae* Strains {#S0003-S2008}
------------------------------------------------------------------------------------

In vitro efficacy of different groups in reducing the biofilm formation capacity of MDR *V. cholerae* strains were evaluated. As shown in [Figure 6](#F0006){ref-type="fig"}, the antibiofilm effect of the following groups was assessed, including Group 1 (control group, PBS), Group 2 (MSCs CM + *V. cholerae*), Group 3 (*V. cholerae*), Group 4 (MSCs CM-CS NPs + *V. cholerae*), and Group 5 (*V. cholerae* + CS NPs) ([Figure 6](#F0006){ref-type="fig"}). Biofilm formation was measured photometrically at OD= 570 nm. As shown in [Figure 7](#F0007){ref-type="fig"}, the antibiofilm activity of MSCs CM was higher than that of MSCs CM-CS NPs (*P\<* 0.0001). Indeed, the optical density (OD) of 0.547 nm was the mean of three replicates of Group 1 (PBS), and OD of 1.74 nm was the mean of three replicates of Group 3 (*V. cholerae*). As shown in [Table 3](#T0003){ref-type="table"}; biofilm formation was defined as non-adherent in Group 1 and 2 (\<0.547), weak in Group 4 (0.547--1.094), and intermediate in Group 3 and 5 (1.094--2.188), while in no group, it was defined as strong (\>2.188). The results showed that CS NPs have no inhibitory role on biofilm formation. MSCs CM exhibited a great inhibitory effect on the biofilm formation capacity of MDR *V. cholerae* strains, while MSCs CM-CS NPs appeared less efficient.Table 3Biofilm Formation of *V. cholerae* Strains Before and After the Exposure to Different GroupsGroupsMean of OD±SDBiofilm FormationFormulaGroup 1: PBS0.547±0.02Non adherentOD\<ODcGroup 2: MSCs CM + *V. cholerae*0.551±0.1Non adherentOD\<ODc,Group 3: *V. cholerae*1.74±0.2Intermediate2ODc\<OD\<4ODcGroup 4: MSCs CM-CS NP + *V. cholerae*0.91±0.08WeakODc\<OD\<2ODcGroup 5: CS NP + *V. cholerae*1.79±0.2Intermediate2ODc\<OD\<4ODc Figure 6Antibiofilm effect of different groups against MDR *V. cholerae* strains, including: 1) PBS; 2) MSCs CM + *V. cholerae*; 3) *V. cholerae*; 4) MSCs CM-CS NPs + *V. cholerae*; 5) *V. cholerae* + CS NP.Figure 7The inhibitory effects of different groups on biofilm formation of MDR *V. cholerae* strains. Bacterial suspension was incubated with each group. PBS was used as negative control. \*\*\*\* *P*\< 0.0001 for all groups vs *V. cholerae* and CS NPs; \*P\<0.02 for MSCs CM-CS NPs vs control, and MSCs CM-CS NPs vs MSCs CM.

Discussion {#S0004}
==========

Recently, MDR *V. cholerae* is increasing worldwide and has become a global public health concern. Excessive exposure of bacteria to antibiotics has altered bacterial genomes and led to the development of multidrug resistance in bacteria.[@CIT0006] Unfortunately, bacteria rapidly become resistant to antibiotics; therefore, researchers are progressively trying to develop new antibiotics. Considering the reasonable fear of consecutive emergence of antibiotic resistance, new non-antibiotic therapeutic strategies are needed to be developed in order for controlling diseases caused by MDR bacteria. MSCs-derived conditioned media are considered as an essential part of the innate immune system due to the presence of antimicrobial peptides, suggesting the antimicrobial activity of conditioned media against a wide range of bacteria. Previously, it was reported that unstimulated supernatant of bone marrow-derived mesenchymal stem cells consisted of soluble proteins and secreted vesicles, displaying marked antimicrobial activity against *V. cholerae* strains. The mechanism of antimicrobial activity of MSCs CM against *V. cholerae* strains is associated with the secreted products such as antimicrobial peptides.[@CIT0022]

Chitosan is also a very suitable carrier with antibacterial activity. The exact mechanism of chitosan as an antimicrobial agent is not fully understood. Chitosan is positively charged and could therefore bind to the negatively charged bacterial cell membrane, resulting in the destruction of the membrane and leakage.[@CIT0021] Furthermore, chitosan binds to LPS and act as a neutralizing agent. Moreover, chitosan promotes the inhibition of mRNA and protein synthesis through penetrating into the nuclei of the microorganisms. Also, it forms an external barrier chelating metals and nutrients which are essential for microbial growth.[@CIT0011] In previous studies, researchers have made great efforts to synthesize CS NPs with higher antibacterial activity and less toxicity.[@CIT0021] In this study, a lower concentration of CS NPs was used to make MSCs CM-CS NPs composite, and it was showed that incorporating lower concentrations of CS NPs with MSCs CM exhibited more inhibitory effect on MDR *V. cholerae* strains.

In a study conducted by Krasnodembskaya et al (2010), the expression of BM-MSCs antimicrobial peptides increased following the bacterial treatment. They demonstrated that to obtain higher antimicrobial effect mediated by soluble compounds such as LL37, MSCs should be induced with the bacteria.[@CIT0023] As mentioned earlier, uninduced MSCs CM could also reduce bacterial growth. One of the most important findings of the present study was that uninduced MSCs CM in combination with CS NPs reduced bacterial growth more efficiently. In fact, resistant bacteria to common antibiotics were sensitive against MSCs CM-CS NPs.

The present study findings revealed that combining MSCs CM with CS NPs is an effective method for inhibiting bacterial growth and could be considered as an adjunctive antimicrobial therapy for *V. cholerae* infections. The exact mechanism of this synergism is still unknown; however, previous studies have shown that some proteins secreted by MSCs, including LL37, have a disruptive effect on the cell wall and could play an important role in neutralizing LPS.[@CIT0024]

Considering the mechanism of action of CS NPs on bacterial cell wall, it was proposed that probably this component makes bacterial cells more labile to the penetration of MSCs CM antimicrobial peptides and effectors, and since some proteins secreted by MSCs, including LL37, have a disruptive effect on the cell wall and could play an important role in neutralizing LPS, they enhance chitosan penetration into the bacterial cytoplasm and promote inhibition of mRNA and protein synthesis by chitosan.

*V. cholerae* strains form biofilms as a strategy to be able to persist in the environment. *V. cholerae* strains form biofilms during aquatic and intestinal phases of their life cycle.[@CIT0025] This growth mode enhances environmental persistence, provides protection against a number of environmental stresses, and increases antibiotic resistance in MDR *V. cholerae* strains.[@CIT0026] When *V. cholerae* strains enter the body, they must be physically protected against the acidic environment of the stomach. Biofilm network provides resistance to high acidity of the stomach environment. Eradication of biofilms is a serious global health concern in controlling bacterial infections because they cause microbial resistance to many antibiotics.[@CIT0027] Although non-antibiotic therapeutic strategies do not develop antimicrobial resistance, to be effective, they should be able to penetrate the biofilm structure or inhibit biofilm formation by bacterial population. For the first time in this study, the antibiofilm activity of MSCs CM and MSCs CM-CS NPs against MDR *V. cholerae* strains was assessed. It was showed that MSCs CM was able to more efficiently inhibit biofilm formation; although MSCs CM-CS NPs was also appeared to be effective in inhibiting biofilm formation compared to control group. Mechanism of MSCs CM in preventing biofilm formation may be due to the destruction of cell membrane or cell wall structure. However, further studies are needed to be conducted in order to discover the exact mechanisms involved.

Two different pH conditions (3.2 and 7.2) were chosen to investigate the release pattern of MSC CM from nanostructures, mimicking the acidic conditions of the gastrointestinal tract from mouth to intestinal lumen, and the best conditions for drug delivery was detected at pH= 7.2. It means that nanostructures do not release their cargo before reaching the target in the intestinal lumen, where they are supposed to interface with pathogen. Moreover, the MSCs CM-CS NPs composite exhibited a logical release pattern of MSCs CM with no burst releasing in the first few hours and with releasing approximately 40% of its cargo during 12--48 h at pH= 7.2, encompassing the time of its exposure to pathogen in the intestinal tract.

Conclusion {#S0005}
==========

In conclusion, unstimulated MSCs CM-CS NPs as a novel and proficient therapeutic nanostructure against MDR *V. cholerae* strains greatly benefited from the synergistic activity of the two components. The designed nanodrug revealed high efficacy in antibiofilm activity which is considered as a crucial concern of antimicrobial agents in reaching the target. The nanodrug composite showed the best release in conditions mimicking the physiological conditions of the intestinal lumen. Given the fact that no overuse or genetic event would cause the emergence of antimicrobial resistance against the MSCs CM-CS NPs nanodrug, it could be considered as a promising alternative for the treatment of MDR *V. cholerae* infections in clinical settings.
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